The concentration process in the international livestock breeding industry has led to an increasing competitive pressure for existing regional livestock breeding institutions. This represents an almost insuperable barrier for the competitive organisation of livestock breeding under difficult framework conditions, particularly in developing countries. The present study aimed at identifying possibilities how to develop the organisation of livestock breeding under difficult framework conditions, taking smallholder pig breeding in mountainous areas in Northwest Vietnam as example. Information was collected from group discussions with small-scale pig producers in Son La province and interviews in various private and public breeding institutions across northern Vietnam, complemented by information from documents. Results show that smallholder pig breeding is influenced by numerous external private and public factors, respectively institutions. These include small private boar keepers and medium-sized commercial pig farms at village and district level, but also globally acting private breeding companies and relevant legislations. Considering the identified institutional framework situation of smallholder pig breeding at village level and the generally positive attitude of smallholders towards cooperative structures, the establishment of boar keeper cooperatives is recommended as a first step in the development of a competitive breeding organisation at village level. Altogether, the current situation of smallholder pig breeding at village level makes the establishment of village breeding programmes reasonable, given a more rigorous implementation of supportive legislations that promote and recognise the self-determination of the proposed cooperative breeding organisations.
Introduction
In recent years, the concentration process in the international livestock breeding industry, particularly in the poultry, pig and cattle breeding sectors, has resulted in few globally acting breeding companies. These multinational companies represent an economic entity across different countries, including developing ones. Trade liberalisation facilitates an increasing growth in international trade of livestock products, and emerging technologies such as genomic selection will further accelerate concentration in the livestock breeding industries. This concentration will exacerbate genetic monoculture, leading to a loss in livestock genetic diversity (Gura 2008) . Above developments have already led to an increasing competitive pressure for regional livestock breeder cooperatives in developed countries, and represent an almost insuperable barrier for the organisation of livestock breeding under difficult framework conditions, particularly in developing countries like Vietnam. In Vietnam, recent developments such as the WTO accession, increased foreign investment, changes in consumption and wealth distribution patterns, trends toward large commercial production systems and increasing importance of export markets considerably affect the pig production sector. These developments also bear the risk of an exclusion of small-scale pig producers from benefits achieved through the economic growth of the pig production sector. Village breeding programmes incorporating local pig breeds are currently developed for improving smallholder pig production in the mountainous province Son La (Herold et al. 2010 , Roessler et al. 2009 ). The long-term success of such programmes depends not only on their technological excellence, but also on the organisational feasibility of breeding measures under given framework conditions. The present study therefore aimed at identifying possibilities how to develop the organisation of livestock breeding under difficult framework conditions, taking smallholder pig breeding at village level in mountainous areas in Northwest Vietnam as example.
Material and methods

Study area, selected villages and institutions
This study is part of a long-term research project of the Thai-Vietnamese-German collaborative research programme »Sustainable land use and rural development in mountainous areas in Northeast Asia« (›The Uplands Program‹) of the University Hohenheim. This project targets at the development and implementation of village breeding programmes in Son La province in the mountainous areas in northwestern Vietnam since more than 10 years, using an integrated approach. Main research focus was therefore in that province. Eight villages were selected, differing in distance from the provincial or district capital (5 villages close to and 3 villages far from the capital), ethnic affiliation (6 Black Thai, 2 Hmong villages) and pig production type (6 villages with market-oriented, 2 villages with subsistence-oriented production). In total, 26 farmer groups with on average five smallholder pig producers each were approached in the survey. Pig producers were randomly selected from a list of all pig producers keeping sows that had been provided by the village head of each village. In addition, 20 persons belonging to 18 private institutions and 31 persons from 16 public institutions (Table 1) were approached in personal interviews. Institutions were located in a total of nine northern provinces (Son La, Hai Duong, Thai Binh, Quang Ninh, Ninh Binh, Ha Tay, Hung Yen, Hai Phong and Hanoi) .
Methods
The evaluation of institutions involved in the organisation of pig breeding in the investigated area was based on the classification of livestock breeding institutions suggested by Herold et al. (2012) . The authors differentiate between institutions in the private and public area. The private area includes cooperative businesses of livestock keepers and commercial breeding businesses with private investors who are usually not livestock keepers (e.g. multinational breeding companies). Breeding in the public area takes place in breeding institutions (e.g. state-owned breeding stations). In addition, institutions related to breeding are defined, in both, the private and public area. In the private area, these include e.g. organisations responsible for performance recording and downstream tiers like dairy factories and slaughterhouses, farms, markets and business networks. In the public area, institutions related to breeding comprise breeding regulations (e.g. breeding law) and support institutions (e.g. research institutes, breeding administration). The present study further used the situational approach (e.g. Vahs 2009 ). In this approach, it is assumed that the structure of an organisation (in the present study: the organisation of smallholder pig breeding at village level) is dependent on certain factors, respectively institutions, of a specific situation (e.g. markets, competitors, legislation). The aim of the pragmatic type of the situational approach is to identify how to best »fit« the structures of the respective (breeding) organisation to its specific situation.
Data collection was realised from April-December 2006 and September-December 2007, using question guidelines. Key issues addressed in the group discussions included a general description of the organisation of pig breeding at village level and an identification and characterisation of forms of farmer organisation with activities related to pig production, as well as an identification of influencing factors and linkages to other institutions involved in the organisation of pig breeding. Purposive sampling of further institutions involved in pig breeding organisation was realised by snow ball technique (Johnson 2005) . Informal interviews aimed at gaining an insight into the structure of the respective institution, animal numbers and flows, information flows and decision making, as well as major external factors (legal environment, policies, financial support, competition, networks and partnerships). A further step of the research included a desk study comprising a screening of legal documents (laws, governmental and ministerial decisions), reports and project descriptions as well as information from the internet to back and complete the information gathered in the surveys.
Information obtained in interviews and group discussions were recorded in field notes. Structured protocols of interviews and group discussions were entered in Microsoft Word and Microsoft Excel (Microsoft Corporation, Redmond, WA, USA), respectively. Data was analysed mainly qualitatively, matching the categories of the question guideline: Primary organisation, farmer organisations, framework conditions (e.g. supply of breeding animals, technologies and trainings, legal regulations, market conditions) and linkages to other institutions. The qualitative analysis was complemented by a descriptive, quantitative analysis of group discussion data, using within and across village comparison. The use of different methods for data collection and analysis provided the opportunity for cross-validating results.
Results
Pig breeding institutions at village level
Village household farms
Pig breeding in the investigated villages in Son La province was still mainly organised on individual, small household farms with an average of 1-2 sows. Only in one investigated village, two larger household farms, each with five exotic sows and one boar, were established in recent years. Sows mostly originated from other household farms within the same village (6 villages) or from other villages, or were selected from the own herd (3 villages each). By contrast, the purchase from commercial farms or the town market was rarely reported (1 village each) (Figure 1 ). According to farmers, sows from the town market were considered less adapted to local conditions (climate, feeding) because they were imported from lowland areas and difficult to transport to the village or had an unclear origin (2 villages each). The supply of breeding sows tended to be insufficient and irregular; however, differences between farmers within and across villages could be observed. Village farmer groups Individual farm households were formally organised in different farmer groups. These comprised common socio-political village groups of mass organisations in Vietnam like e.g. the Women's Union or the Farmers' Association (all villages), as well as agricultural extension clubs (2 villages) as a new form of a state-induced farmer organisation, and a pig production group established by individual farmers (1 village) ( Table 2) . According to farmers, these groups helped to gain access to micro-credits (either from the group or the bank). Yet, funding was generally mentioned not to be sufficient to cover farmers' needs. Groups also facilitated the exchange of experiences and information between members, either in regular meetings or on study tours to other villages, helping farmers improving their technical skills. Farmers also gained access to new technologies including new pig breeds, and benefited from trainings on the use of such new technologies. Yet, according to farmers, training courses were not taking place regularly (3 villages), practical advice and financial support to apply new technologies was lacking (2 villages) or topics were not relevant or applicable to the respective production system (1 village each). Further constraints comprised a limited number of participants and a restricted access to trainings (1 village each). The pig production group also served as a platform for the exchange of breeding sows between group members. Despite the perceived limitations, farmers' attitude towards existing farmer organisations was generally positive (11 of 18 group discussions). Only in one village, the attitude was clearly negative, farmers not perceiving any advantages. In the two investigated remote villages of the ethnic minority Hmong, the opinion of farmers towards farmer organisations was heterogeneous. Main reasons against farmer groups were that the establishment and operation of such groups require considerable funds while not benefiting members (3 of 4 group discussions) and that farmers lacked knowledge and motivation to set-up such groups (2 of 3 group discussions). The attitude towards cooperatives or collective farming structures among Thai farmers in villages with market-oriented pig production was also mostly positive (7 of 12 group discussions). Perceived advantages were risk sharing, labour sharing, better access to land and loans, farmer-to-farmer learning, specialisation of farmers, lower input prices e.g. for animal feed, better access to extension services and possibilities for technological transfer. In three group discussions, farmers stated that cooperatives would not help to improve their pig production. Arguments against cooperatives included lack of experiences, land, feed and labour to run intensified practices of production, and strict regulations on production and management. Farmers also feared that they would lose independency in their decisionmaking and that outputs would not be shared according to inputs. 
Village boar keepers
In all investigated villages at least one village boar was available either used for natural mating (all villages) or for artificial insemination (AI) (2 villages). In addition, pig producers in villages with market-oriented pig production regularly used boar and AI services from boar keepers of neighbouring villages or Son La town (5 and 2 villages, respectively). Farmers of one more remote Thai village commonly bought semen from the boar keeper in Son La town for inseminating their sows (Figure 1 ). By contrast, the AI services offered by commercial farms at district level were used rarely by village pig producers (1 village). Interviewed village boar keepers owned 1-3 boars, mainly from exotic breed lines (all boar keepers), but also of the local Mong Cai or Ban breed (2 boar keepers each). Exotic boars were mostly purchased from large public breeding farms in the delta region (6 of 8 village boar keepers) (Figure 1 ). Farmers in the Hmong villages did not have access to other mating services than from within the same village due to their remoteness.
Institutional framework (situation) of pig breeding institutions at village level Pig breeding at village level was influenced by various institutions from town/district level up to global level, albeit at varying extent. A summary of the institutional framework (situation) of smallholder pig breeding at village level is presented in Table 3 . , 2006) . The exact number of such farms in Son La province could, however, not be identified; yet the number can be assumed small as more than 90 % of the provincial pig population were still kept at small household farms (DARD 1999) . By contrast, this type of farms has been gaining increasing importance in other parts of the country, particularly in the Red River Delta, where they already represented 36 % (Hai Duong province) and 60 % of all farm types (Ha Tay province) (Lapar et al. 2003) . In total, five commercial pig farms have been visited in Son La township and Mai Son district. The herd size on investigated farms varied from 18-350 exotic sows and annual production figures ranged between 240 and more than 1 000 slaughter pigs. The sows used at commercial farms mainly originated from both, large public institutions and private companies in the delta region, while boars were mostly purchased from the large private Thai company Charoen Pokphand (CP) located close to Hanoi (3 farms); only one farm purchased boars from the district Agricultural Promotion Centre (Figure 1 ). Boars were mostly for internal use, only the largest farm offered AI service to other commercial and small household farms. Besides private boar keepers and commercial farms, neither provincial AI stations nor public breeding farms existed in Son La province, since former provincial breeding farms have been dissolved (interview: SDAH of Son La Township 2006). Local authorities planned to build a district pig breeding farm in Song Ma district, but its realisation seemed doubtful due to lack of funding. In addition, a former breeding centre in Mai Son district was said to be reorganised into a semi-governmental farm (interviews: DARD 2006; Agricultural Extension Station (AES) of Song Ma district 2006).
Support services
In Son La township, demonstration models have been established in 2007 by the Agricultural Extension Station (AES) to improve smallholder pig breeding at small household farms. Participating farmers received subsidies for the purchase of breeding females (60 % for the first 30 kg of gilts) and for feed costs (40 % of feed costs for 100 kg of feed per sow). According to the implementing body, the success of the model seemed, however, questionable as model farmers have faced problems with the disease management, exotic sows tending to be more susceptible to prevailing diseases. Another research project targeting at developing smallholder pig breeding was implemented by the Agricultural Promotion Centre (APC) of Mai Son district. This project covered 30 households in four villages in different communes, each household farm keeping 3-4 exotic sows that originated from the nucleus managed by the APC. Again, the continuation of the project seemed unlikely due to unavailable further funding and the failure of most household farms to keep exotic sows (disease management, high input costs).
Training courses for farmers in the investigated villages were organised by the district AES (4 villages), the provincial Agricultural Extension Centre, the district People Committee or the Sub-Department of Animal Health (1 village each). Other institutions supporting smallholder pig breeding in the investigated villages included private animal health workers (3 villages).
Breeding institutions and companies/industry
At national level, there existed several public breeding institutions including breeding companies, research institutes and universities. The most important national research institute for animal sciences in Vietnam was the former National Institute of Animal Husbandry (NIAH), now National Institute of Animal Sciences (NIAS). It had two pig research centres where the national pork leanisation programme was implemented using imported pig lines in crossbreeding schemes to genetically improve breeding pigs. It aimed at developing a pyramidal breeding system (NIAH 2003) . One of the most important public pig production institutions was the Vietnam National Livestock Corporation (VINALIVESCO). It had 7 pig production units across the whole country providing parent stock sows and breeding boars to public and private institutions, including smallholder household farms. To meet the increasing demand for pork, VINALIVESCO planned cooperation with groups and cooperatives of local farmers in the Red River Delta to extend the production of commercial stock ( It is expected that Vietnam's WTO accession in 2007 will have considerable effects on the country's economy in general and its pig breeding sector in particular. According to experts on national level, public breeding institutions will have to improve breed quality and standards and increase capacities. Price stability has to be achieved and environmental issues (e.g. water pollution) have to find special attention in future livestock planning. This will probably further widen the gap between small farmers' needs and preferences for local breeds and the objectives of public breeding institutions.
Legislation, policies, administrations
Both, national and provincial policies clearly concentrated on the transformation of pig production from small-scaled and dispersed forms to concentrated commercial ones to meet the local and export demand for pork. At national level, they targeted at reducing the number of pigs kept traditionally from 70 % in 2005 to 60 % in 2010 and changing the pig breed structure by increasing the proportion of exotic sows from 10 % in 2005 to 19 % in 2010 and 27 % in 2015, while reducing the number of local sows from 13 % to 11 %. The importation of improved breeds and the establishment of breeding farms with exotic sows and institutions producing breeding pigs for exports were encouraged and preferential investment policies were provided (e. to meet the high local demand for pork. The proportion of unimproved local sows in the total sow population was to be reduced from nearly 50 % in 2000 to 10 % in 2010, while increasing the proportion of improved local Mong Cai sows from 50 to 70 % and that of F1 sows from 0.5 to 20 % in the same period (DARD 1999) . To realise the above plans, the development of largescale keeping of lean meat pigs particularly in peri-urban areas, is supported by providing investors with financial advantages (Decision 257/QD-UB). Farm managers of the private commercial farms that have been visited confirmed to be exempt from land use taxes and to get compensation for land clearing (3 farms) and assured to get free vaccination for pigs and technical advice from the Sub-Department of Animal Health (2 farms).
Nevertheless, the use and conservation of local pig breeds was also promoted by the state (e.g. Decision 225/1999/QD-TTg; DLP 2006). Hitherto, conservation programmes have mostly been implemented in the delta region, e.g. for the I pig, the Lang Hong, the Phu Khanh and the Mong Cai. More recent policies foresee the improvement of local pig breeds and the development of brands and geographical indications in the Western Highland, East-Southern and West-Northern region. Besides the research project in which the present study has been conducted, several other small research projects have been carried out targeting at the in situ conservation of local breeds: the Muong Khuong and Mong Cai in Lao Cai province, the Tap Na in Cao Bang province, the Lung Pu in Ha Giang province (interviews: MARD 2005 , DLP 2006 ).
In addition, legal documents have been issued in the last decades that generally regulated the pig breeding and production, directed state policies on livestock breeds and defined responsibilities for the state management of livestock breeds, prescribed conservation, research and selection, and defined a wide range of terminologies in animal breeding 
Discussion
In Vietnam, the use of local sows such as the Mong Cai, Muong Khuong and Lang breed is still more common than the use of sows of exotic breed lines which only represented about 10 % of all sows in the country in (DLP 2006 . In Son La province, about 99 % of reproducing sows are of the Mong Cai and other local breeds (DARD 1999) , and the pig production is mainly restricted to small household farms with few sows. The local Mong Cai and Ban breeds are appreciated for their feed intake spectrum and capacity as well as high disease tolerance, and the Mong Cai breed is also preferred due to its high prolificacy (Herold et al. 2010 , Roessler et al. 2009 .
Hitherto breeding sows at these small farms are mostly selected from unimproved village herds. By contrast, the purchase of breeding stock from the market, larger private pig farms as well as public breeding institutions is limited. The same has been reported by Lemke et al. (2006) . Reasons are that larger farms and public institutions exclusively keep exotic sows and that Mong Cai sows sold at the markets are considered less adapted to local conditions in the mountainous areas. Nevertheless, a small number of Mong Cai gilts are regularly transferred from the delta region and marketed in Son La town, obviously because the local production is unable to cover the local demand as provincial breeding centres that were a source for Mong Cai sows in the investigated area until 1997 (Lemke & Valle Zárate 2008) are now absent. On the male side, small pig producers mostly used the services of private boar keepers at village and town/district level. In the past, the keeping of boars at small household farms in the investigated area has become uncommon in villages close to towns since the 1980s, being mainly limited to remote villages with no access to public AI services formerly provided by a provincial breeding centre and later by the Extension Department (Lemke & Valle Zárate 2008) . The present study shows that the public AI services are no longer in place, resulting in an increase in the number of private boar and AI service providers based at village level.
Although the multiple supply channels indirectly extend to the global pig breeding industry that dominates local markets for breeding pigs with less adapted pig breeds, smallholder farmers hardly have access to genetically superior, well-adapted local breeding stock, being beset with exotic breeding products that are distributed through demonstration models. Therefore, the establishment of village breeding programmes seems reasonable, particularly in combination with supply chain systems as suggested by Herold et al. (2010) to ensure the supply of such breeding pigs to smallholder farmers in the investigated villages.
Further considering the identified institutional framework situation of smallholder pig breeding at village level, including the topography of Northwest Vietnam, the establishment of boar keeper or breeder cooperatives is recommended. Boar keeper cooperatives are considered as pre-stage of breeder cooperatives and are mainly limited to the purchase and the targeted use of valuable sires for already existing breeds or breeds to be developed. By contrast, breeder cooperatives are involved in the whole breeding process (purchase of breeding stock, selection of sires and dams, marketing of breeding stock). These organisational forms proved to be particularly suitable for small farms (Brödermann 1897) and have been competitive for more than hundred years (e.g. Brödermann 1897 , Kronacher 1923 , Schweer 1979 , Hodapp 1983 , BESH 2009 ). Boar keeper and breeder cooperatives are primarily organisations based on self-help and were recommended to associate with other similar cooperatives to strengthen themselves in general and to get effective public support in particular (e.g. Fischer 1900 ). In Vietnam, new style cooperatives and other innovative farmer organisations have been increasingly promoted by the national government (Binh et al. 2007 , Costales et al. 2005 to provide different types of services to smallholders, decrease input costs through collective purchases and respond to smallholders' needs , Tuy 2002 ).
The already existing farmer groups in the villages could form the basis for the establishment of breeder cooperatives or associations. When establishing innovative farmer groups, however, certain difficulties that are due to the specific socio-political context in Vietnam (Schad et al. 2011) are to be avoided. These include shortcomings already in the early stages of the group formation such as non-transparent group formation and biased appointment of group members, and later the unclear allocation of responsibilities and role of group members (Schad et al. 2011) , and other limitations identified in the present study. A statute that is adapted to the local conditions and that regulates the definition of breeding objectives, breeding measures (e.g. performance tests), the participation of breeder-members in breeding and organisational decisions, monitoring compliance with the rules and sanctions for rule violations can help overcome the mentioned difficulties. Also, due to farmers' limited knowledge of the new concept of cooperatives and lack of experiences and practical advice to set-up cooperatives, it is vital to support them to gain this knowledge and to provide practical support in forming cooperatives. In this context, and underline the importance to develop links to researchers and state organisations in order to coordinate collective actions, institutionalise and acquire legal recognition and overcome constraints such as weak technical and managerial capacities and capabilities in commercial and contractual negotiations of farmer cooperatives.
Currently, Vietnamese support services, legislation and policies principally focus on the modernisation of the pig sector and promote the establishment of large-scale commercial farms for lean meat production. On the other hand, they include relatively detailed regulations and measures for the maintenance of local pig breeds. Despite the recognition of the importance of local breeds, particularly for mountainous areas, programmes and studies to conserve local pig breeds are limited to a few breeds and regions. Drucker et al. (2006) identified a considerable number of agricultural subsidies that improve the competitiveness of exotic breeds and their crosses over local breeds and forecast that without mitigating measures local breeds will become extinct. Furthermore, neither breed improvement nor conservation programmes are uniform across the provinces (ASPS 2002). Thus, already Huyen et al. (2005) concluded that the long-term sustainability of conservation programmes for local pig breeds in Vietnam is doubtful. By combining breeding programmes with small food supply chains as suggested by Herold et al. (2010) , local breeds could be effectively integrated into existing production chains and no special conservation programme would be necessary. However, such a concept will be only successful when there are local farmer cooperatives that are responsible for the management of the breeding and marketing of local breeds. Also, a more rigorous implementation of existing legal regulations and measures is necessary to promote the suggested cooperative breeding organisations, in addition to public financial support, particularly at the beginning of forming cooperatives, and a public recognition of the self-determination of cooperatives with effective controls.
